The vacuum dynamics of SU(2) lattice gauge theory is studied by means of a gauge-invariant effective action, both at zero and finite temperature. Working with lattices up to 32 4 we check the scaling of the energy density with the magnetic length. We find that the screening at zero temperature of the applied external magnetic field weakens by increasing the temperature.
INTRODUCTION
The aim of this work is to study the nonperturbative vacuum dynamics of the SU(2) l.g.t. in presence of a static external applied field. To this purpose we use a gauge-invariant effective action for the external background field defined by means of the lattice Schrödinger functional [1, 2] 
where S W is the Wilson action and A ext ( x) = A ext a ( x)λ a /2 is the external field. We adopt periodic boundary conditions in space and time direction with the integration constraint over the lattice links 
The Schrödinger functional is invariant under arbitrary lattice gauge transformations of the boundary links. The lattice effective action for the background field A ext µ ( x) is defined by means of the lattice Schrödinger functional Eq.(1) (T extension in Euclidean time):
Z[0] is the lattice Schrödinger functional without external background field (U ext µ = 1). In the contin-
is the vacuum energy in presence of the background field A ext ( x). Our gauge-invariant effective action can be used for a non-perturbative investigation of the properties of the SU(2) l.g.t. vacuum.
We consider static background fields that give rise to constant field strength. In this case Γ[ A ext ] is proportional to the spatial volume V and the relevant quantity is the density of the effective action:
,
In particular we consider an external constant abelian magnetic field:
On the lattice
Periodic boundary conditions imply the quantization of the magnetic field:
We want to compute the vacuum energy density Eq.(4). To avoid the problem of dealing with a partition function we focus on ε
with respect to β, by taking n ext (i.e. gH) fixed [3] . ε[ A ext ] can be obtained by a numerical integration in β.
We performed lattice simulations on 32 × L 2 × 32 lattices (L=6,8,10,16,20,24,32) with periodic boundary conditions using the Quadrics/QH1 in Bari. The links belonging to the time slice x 4 = 0 and to the spatial boundary are constrained according to Eq.(6). The constraint on the links starting from sites belonging to the spatial boundary corresponds in the continuum to the usual requirement that the fluctuations over the background field vanish at the spatial infinity. Figure 1 .
4 lattice with the result of the numerical integrations (solid lines).
Therefore the contributions to ε ′ [ A ext ] due to the constrained links must be subtracted and we have to measure the derivative of the "internal" energy density ε ′ int obtained by evaluating the contribution to
given by the dynamical links. We numerically integrate the data and obtain (see Fig.1 ) for β ≫ 1:
where a(n ext ) ≪ 1 to be contrasted [3] to the case of U(1) where a(n ext ) ≃ 1.
THE SU(2) VACUUM ENERGY DENSITY
The data for ε At fixed β, we can fit these data to a power-law behavior:
This suggests that the lattice data scale according to Figure 2 . The universality plot for
whereβ = β − ∆β and ∆β takes care of the shift of the peak position of ε ′ int . Indeed in Fig.2 we see that all our numerical data (for all values of a H and L eff ) can be approximately arranged on the scaling curve k(β) (Eq.(9). Our numerical data suggests that
in the whole range of β. This would imply that in the continuum limit (L eff → ∞), β → ∞ the SU(2) vacuum screens completely the external chromomagnetic abelian field, behaving like a abelian magnetic condensate medium.
FINITE TEMPERATURE
We also studied the SU(2) gauge system in an external chromomagnetic abelian field at finite temperature in order to investigate if a connection exists between the external chromomagnetic field and confinement. We looked at the behavior of the temporal Polyakov loop vs. the external applied field. We considered a SU(2) gauge system at β = 2.5 on a 32 3 × 5 lattice at zero applied external (i.e. n ext = 0) which is in the deconfined phase of finite temperature SU (2) . If the external field strength is increased the expectation value of the Polyakov loop is driven towards the value at zero temperature (see Fig.3 ). A similar observation has been reported in Ref. [4] . On the other hand, if we start with a SU(2) gauge system at zero temperature in a constant abelian chromomagnetic background field of fixed strength (n ext = 1) and increase the temperature the perturbative tail of the β-derivative of the energy density ε ′ int (β, n ext )/ε ′ ext increases with 1/L t and tends towards the "classical" value ε
We may conclude that increasing the temperature there is no screening effect for the energy density, confirming that the zerotemperature screening of the external field is related to the confinement.
Moreover the information on ε ′ int (β, n ext )/ε ′ ext at finite temperature can be used to get an estimate of T c /Λ latt . Our data can be parameterized near the peak as ε
So that we get an estimate of the deconfinement temperature (see Fig.4 ):
= 27.12(4.04)
Our result is consistent with previous studies [5] .
CONCLUSIONS
We have studied the non-perturbative dynamics of the SU(2) l.g.t. vacuum in an external abelian chro- momagnetic field, by means of a gauge invariant effective action defined using the lattice Schrödinger functional.
Our numerical results suggests that in the continuum limit (L eff → ∞, β → ∞) the energy density ε int (β, L eff , n ext ) → 0, i.e.: the SU(2) vacuum screens completely the external abelian chromomagnetic field and behaves like an abelian magnetic condensate in agreement with the dual superconductor scenario for the color confinement.
At finite temperature it seems that confinement is restored by increasing the strength of the external applied field. On the other hand the zero temperature screening of the external field is removed by increasing the temperature.
